Originally named "aliquorrhea" by Schaltenbrand 1 in 1938, spontaneous intracranial hypotension (SIH) is an increasingly recognized syndrome characterized by a triad of low CSF pressure, postural headache, and magnetic resonance imaging (MRI) abnormalities. 2 The classic MRI finding of diffuse pachymeningeal enhancement, 3 with leptomeningeal sparing, is thought to be a result of engorgement of dural bridging veins secondary to decreased CSF pressure.
CASE ILLUSTRATIONS

Patient 1
A 36-year-old previously healthy female presented with sudden, spontaneous headache of three weeks duration, worse in sitting position and relieved lying down. She had no relief with ibuprofen. Photophobia, phonophobia, and fever were absent. Neurological examination was normal. Screening blood work was normal. Lumbar puncture showed no CSF red blood cells, 890 mg/L protein (normal range is 150-450 mg/L), and 3 white blood cells (WBC)/mm 3 . Fluid flowed too slowly to measure a pressure. Cerebral spinal fluid culture was negative. Magnetic resonance imaging showed evidence of subdural fluid in the upper cervical region and diffuse pachymeningeal enhancement (Figure 1 ). The cerebellar tonsils were low-lying. She was treated conservatively with intravenous hydration and bedrest, with complete resolution of symptoms over several weeks.
Patient 2
A 47-year-old diabetic female with a history of ischemic heart disease was admitted with a three week history of postural headache. Accompanying symptoms included a ten-pound weight loss, facial tingling, and mild ataxia. The patient had started a new yoga program and had been on a roller coaster ride that preceeded the onset of symptoms. The headache was unresponsive to meperidine. Neurological exam revealed only mild difficulty with tandem gait. No lumbar puncture was performed. An MRI study showed diffuse pachymeningeal enhancement, subdural fluid from C1-T1 anteriorly (Figure 2) , and brainstem descent. The headache resolved within a week with administration of intravenous fluids.
Patient 3
A 49-year-old female with a history of hypertension and hypothyroidism awoke from sleep, one week prior to admission, with sudden severe neck and head pain, nausea, and vomiting. The holocranial headache was relieved in a recumbent position. Neurological exam was normal except for neck tenderness. CSF revealed a 1630 mg/L of protein, normal glucose, 4 WBC/mm 3 and no red blood cells. CSF cultures and cytology were negative. CSF pressure was less than 30 mm H 2 O (normal levels should be 100-200 mm H 2 O), computerized tomography (CT) scanning and cerebral angiography were negative. Magnetic resonance imagin showed diffuse pachymeningeal enhancement, extradural fluid from C1-3 and an enhancing lesion in the head of the right caudate ( Figure 3 ). Due to the caudate lesion, rheumatology and endocrinology screens were done and found to be within normal limits. A bone scan and a gallium scan to rule out lymphoma were negative. Chest/abdomen/ pelvis CT was negative. She was treated with intravenous hydration and bedrest. Repeat MRI several months later when patient was asymptomatic showed complete resolution of both the meningeal enhancement and the caudate lesion.
Patient 4
A 37-year-old male with a history of childhood retinoblastoma and encephalitis (with no neurological sequelae) presented with a three day history of stabbing headache behind his left eye radiating to the back of his head. The headaches were severe when upright, and relieved by lying down. Over the next few days, he developed nausea and vomiting, and severe generalized headache. Neurological examination was normal. Screening lab work was within normal limits. CT of the head was normal. Lumbar puncture showed a low pressure of 65 mm H 2 O, 725 mg/L of protein, no red blood cells, normal WBC count, and negative culture. MRI performed on admission, and repeated two weeks later while the patient was still symptomatic, demonstrated no evidence of CSF leakage, brain descent, or meningeal enhancement. His symptoms were managed with intravenous fluids and dimenhydrinate, and resolved with conservative management within a few weeks. 
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DISCUSSION
The typical presentation of SIH is a triad of postural headache, low CSF pressure, and MRI abnormalities, but findings may vary significantly. Headache typically begins spontaneously, although it may be subsequent to mild trauma, vigorous exercise, 6, 7 or violent coughing (presumably due to disruption of the nerve root sleeve). 8 The symptoms in Patient 2 may have been a result of a roller coaster ride or new yoga program. The severe, postural, and holocranial headache is similar to iatrogenic secondary intracranial hypotension after lumbar puncture. Occasionally, pain may localize to the frontal or occipital regions 8 and, in some cases, may be nonpositional. 9 Low CSF pressure may induce an orthostatic headache when approximately 10% of CSF volume is withdrawn, 10 possibly due to two factors: (1) displacement of pain sensitive structures in the upright position by a syphoning effect, which is consistent with observed worsening with jugular venous compression and Valsalva; 8 (2) displacement of dural veins producing engorgement of the meninges. MRI scanning may demonstrate the brain displacement responsible for traction, as it did in two of our cases, but this finding is minimized due to the obligatory recumbent position during scanning.
One of our patients had ataxia and facial paresthesias, suggesting brainstem, cranial nerve, or cerebellar dysfunction. Various other symptoms that have been reported in SIH include neck stiffness, photophobia, nausea, vomiting, facial weakness, 2 and auditory symptoms such as sensorineural hearing loss, hyperacusis, tinnitus, vertigo 2 and "popping". 11 Hughson 12 suggests that auditory symptoms may be secondary to decreased CSF pressure causing a reduction in intralabyrinthine pressure and decreasing transmission of high frequency tones. Visual symptoms, such as blurred vision, and diplopia secondary to sixth nerve 13 or third nerve 14 palsies, may be a result of cranial nerve traction. 13 Other unusual presentations include bradycardia, nystagmus, binasal fields defect, 15 stupor secondary to diencephalic compression, 16 cerebellar ataxia, bulbar weakness, and parkinsonism. 17 The latter may be due to a compressive effect on the brainstem.
The second classical feature of SIH is low CSF pressure, which is typically, but not always 18 , less than 60 mm H 2 O. The mechanism of low CSF pressure is still uncertain, with some authors suggesting decreased CSF production 19 or hyperabsorption 15 as possible mechanisms. However, recent studies implicate a dural CSF leak, which has subsequently been demonstrated by cisternography in several reported patients. 8 The CSF collections in our patients may be an indication of the site of the leak. An underlying area of weakness in the dura or arachnoid along nerve root sleeves, or small meningeal defects such as spinal epidural cysts, 20 may predispose a patient to leaks when accompanied by minor trauma. Moayeri 15 suggests disorders affecting connective tissue, such as thyroid dysfunction or Ehlers-Danlos syndrome, may predispose to diverticula rupture by its role in the maintenance of normal connective tissue. Rarely, extradural lesions, such as a bone spur, can create a dural rent responsible for SIH. 21 Other CSF changes may include increased protein content and erythrocytosis. 8 All of our patients who had lumbar punctures performed had protein elevation, although none demonstrated significant erythrocytosis or lymphocytic pleocytosis. A low CSF pressure state likely leads to meningeal hyperemia and diapedesis of red cells into the CSF, and may also be responsible for the passage of serum protein into the CSF. 8 Lymphocytic pleocytosis may be caused by a local inflammatory reaction at the site of CSF leakage, or in response to red blood cells.
The third classic feature of SIH, diffuse pachymeningeal enhancement on MRI, is thought to be secondary to engorgement of dural bridging veins. Mokri 2 found decreased CSF pressure in only 46% of patients with SIH, leading to the suggestion that MRI engorgement results from CSF hypovolemia (in accordance with the Monroe Kelly hypothesis) rather than low pressure. The pachymeninges, which have no blood brain barrier (unlike the leptomeninges), may enhance as a result of pressure gradient driven extravasation of contrast. These changes may be differentiated from inflammatory and neoplastic etiologies in which meningeal enhancement is more likely to be focally distributed, and appear as nodular or discontinuous plaques. Meningitis may be distinguished by enhancement that tends to localize in the extraxial spaces at the base of the brain. 22 Biopsy of meningeal specimens have shown reactive changes only, typically demonstrating a subdural membrane of fibroblasts and small thin-walled blood vessels in an amorphous matrix or a fibrocollagenous proliferation of the leptomeninges. 23, 24 Meningeal enhancement tends to resolve without sequelae within a few months, as symptoms resolve. It is unclear why patient 4 failed to show any MRI changes, despite strong suspicion of SIH based on: (1) classic symptoms; (2) spontaneous resolution; and (3) low CSF pressure. Lack of meningeal enhancement in SIH has been reported in one previous case study, but it is considered a hallmark feature of the diagnosis. cerebellar tonsils, displacement of the brainstem, effacement of the interpeduncular and prepontine cisterns, enlargement of the pituitary gland, and ventricular collapse. Subdural hematomas may result from rupture of bridging veins when the brain pulls away from the dura as the CSF volume decreases. 25 Spinal MRI findings may include dural enhancement, spinal hygromas and dilatation of the anterior internal vertebral plexus. 26 No previous cases have reported an asymptomatic caudate lesion such as was seen in patient 3. It could be speculated that this was due to traction on small penetrating arteries leading to infarction. No evidence of neoplasm was found on follow-up examination. While all of our patients' symptoms and findings resolved, including the caudate lesion, occasionally they persist even with successful treatment. 27 If SIH is strongly suspected, other diagnostic modalities, not employed in our cases, may be of benefit. While its sensitivity is low (60%), radionuclide cisternography has been shown to demonstrate rapid clearance of the radioisotope from the CSF space, early appearance in the urinary bladder and possible identification of the site of leakage. 28 Rando 8 suggests that CT contrast myelography may demonstrate abnormal root sleeve anatomy or cysts that may be surgically repaired, although it is difficult to examine a wide area using axial CT if the leakage site is unclear. Despite few documented cases, 29 magnetic resonance myelography (cisternography), which eliminates the signal from epidural fat tissue thereby enhancing CSF signal, may be helpful to clarify the cause and site of CSF leakage. Myelography may detect an extradural collection of CSF, whereas radioisotope cisternography is more sensitive for active CSF leakage. Chen et al 30 suggest engorgement of the superior ophthalmic vein on transorbital colour doppler flow imaging may correlate hemodynamically with low CSF pressure. However, the utility and availability of these imaging modalities is questionable at present.
As demonstrated by our patients, analgesics are usually of little benefit in SIH. 8 Reported treatments have included caffeine, intravenous fluids, 31 blood patching, 32 inhalation of carbon dioxide, 32 intrathecal saline infusions, 33 and surgery. 34 Surgical options consist of ligation of a dural tear, epidural packing of leaking diverticuli (Tarlov's cysts), or repair of the underlying lesions causing these abnormalities, such as cervical bone spurs. 21 While most respond to conservative treatment, as did our patients, epidural blood patching has also been found to be highly effective [35] [36] [37] by displacing and compressing the dural sac as well as "plugging the leak." Even when the site of tear (which is usually cervicothoracic 38 ) is unknown, one series found 15 out of 17 patients were still treated with patching. 39 The effectiveness of mineralocorticoids and glucocorticoids is uncertain. Regardless of treatment, symptoms usually resolve within two weeks but may last up to several months.
CONCLUSION
In summary, we report four cases that presented with postural headache, low CSF pressure and protein elevation, without growth on CSF culture or positive cytology. Three of the patients exhibited classic MRI findings of meningeal enhancement and fluid collections. One patient had no MRI abnormalities, despite prominent postural headache and reduced CSF pressure at lumbar puncture. All patients recovered without surgery or blood patch.
As our study supports, absence of radiological abnormalities does not exclude the diagnosis of SIH. While clinical suspicion is the most important tool, new research into other radiographic studies may prove useful in developing a definitive diagnostic study.
